Progression of allergic diseases {#S0001}
================================

Allergic diseases are a complex of diseases resulting from the contact of an allergic organism with allergens, which are substances that the organism recognises as strangers and which cause oversensitive reaction of the immune system. The most common allergic diseases include the following: allergic rhinitis (AR), often diagnosed together with atopic asthma (AA); atopic dermatitis (AD), as well as inhalatory allergy (IA); contact allergy (CA); and food allergy (FA). In spite of dynamic progress in diagnosis, prophylactics, and treatment of those diseases within the last 30 years, a constant increase in people suffering from them is still evident. The amount of patients with symptoms of allergic diseases has prompted the world society to intensify their epidemiological research.

The results of long-term research, i.e. "International Study of Asthma and Allergy in Childhood" (ISAAC) \[[@CIT0001]\], "The European Community Respiratory Health Survey" (ECRHS) \[[@CIT0002]\], and "The Epidemiology of Allergic Diseases in Poland" (EADP) \[[@CIT0003]\], indicate an expansion of allergic diseases. It has been estimated that 10% to 30% of the world\'s population suffers from allergic diseases, depending on their form. This group comprises more than 80 million people in Europe alone. In Poland, the problem affects more than 40% of the population. The prognosis for 2015 is that every second European will be affected by an allergy. Scientists stress that the correlation between the incidence of allergic diseases, the geographic region, and the season is decreasing; however, the correlation between the diseases, lifestyle, and hygiene is on the increase. A lot of attention is also being paid to the role of genetic factors in the development of allergic diseases as well as to the interactions between genetic and environmental factors.

Genetic origin of allergic diseases {#S0002}
===================================

The genes responsible for the pathogenesis of allergic diseases can be divided into four basic groups with respect to the different mechanisms that they take part in ([Figure 1](#F0001){ref-type="fig"}). The first group, the most numerous and diversified, is made up of the genes that regulate functioning of the immune system in an allergic inflammation. That group includes transcription factors that regulate Th1/Th2 cell differentiation, e.g. IL-13, IL-4 and STAT6 \[[@CIT0004]\], as well as the T-box transcription factor that is expressed in the T lymphocyte cells (TBX21 gene variants) \[[@CIT0005]\]. Moreover, the first group includes genes of such factors as IRAK-M and PHF11 that may also regulate inflammatory processes in the organs manifesting allergic diseases (e.g. respiratory tract, skin, nose) \[[@CIT0006]\] as well as the genes the products of which are responsible for regulating the eosinophil level in the blood (IL1RL1, IL-33, MYB, WDR36) \[[@CIT0007]\].
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The second group is related to forming the first line of defence against pathogens in the organism. That group includes the genes coding the ingredients of non-specific immune response, i.e. the genes coding CD14 and TRL4, which participate in the reaction with lipopolysaccharides (LPS) in the cell wall of a bacterium \[[@CIT0008]\]. That group also includes genes coding the enzymes that take part in the organism detoxification, e.g. the gene of glutathione S-transferase that levels the results of the oxidative stress resulting from exposition to air pollution or tobacco smoke \[[@CIT0009]\].

The third group is made up of genes connected with the response to chronic tissue inflammation, such as ADAM33 (expressed in fibroblasts and cells of the smooth muscles) \[[@CIT0010]\], PDE4D (expressed in cells of the smooth muscles and cells affected by inflammation) \[[@CIT0011]\], and COL29A1 (coding collagen, expressed in the skin and related to atopic dermatitis) \[[@CIT0012]\]. It should also be mentioned that products of numerous genes may participate in the disease pathomechanism on many levels, e.g. the product of the IL-13-coding gene regulates occurrences of atopic allergy by switching the class and producing IgE, has a direct influence on the respiratory tract epithelium and the mesenchyme, and also induces metaplasia of goblet cells and proliferation of fibroblasts \[[@CIT0013]\].

The fourth group of genes is responsible for maintaining the epithelium integrity. It has its share in producing the surface barrier of the mucous membrane and in creating a signal stimulating the immune system to a response to irritation factors originating from the environment. A crucial role in the course of allergic diseases is played by the chitinase-coding genes: YKL-40 \[[@CIT0014]\] and AMCase. Those genes play an important role in modulating the inflammation. Their increased expression also takes place in epithelium cells and activated macrophages in patients suffering from asthma \[[@CIT0015]\]. The gene that codes filaggrin (FLG) is the next one, the polymorphism of which results in disorders to the epithelium continuity as an anatomic and functional barrier. There have been 40 mutations in that gene identified so far. In the European and American populations the most common nonsense mutations of the FLG gene include 2282del4 and R501X. There is some intensive research carried out into mutation variants in the filaggrin gene and their connection with increased susceptibility to diseases of an allergic origin. So far, a correlation between a mutation in the FLG gene and occurrences of such diseases as AD \[[@CIT0016]\], AA, and AR has been confirmed. It has also been observed that their presence increases the probability of inhalatory allergy \[[@CIT0017]\], contact allergy (e.g. to nickel) \[[@CIT0018]\], and allergies caused by food allergens (e.g. peanut allergens) \[[@CIT0019]\].

Formation, structure and functions of filaggrin {#S0003}
===============================================

Filaggrin is a base, histidine-rich, and insoluble protein with molecular mass of 35--37 kDa. Its name refers to its ability to aggregate keratin filaments (*filaggrin = filament aggregation protein*). Together with keratin, it makes up about 80--90% of protein ingredients in the epidermis. Filaggrin is responsible for the proper formation of the cornified layer in the skin, which protects from loss of moisture and forms a barrier for allergens, toxins, and microbes \[[@CIT0020]\]. Products of filaggrin proteolysis (hygroscopic acids, i.e. urocanic acid and pyrrolidone carboxylic acid) are included in the natural moisturising factor (NMF) in the skin. Filaggrin is produced from profilaggrin, a precursor that is included in keratohyalin granules in the granular layer. The presence of profilaggrin polymers has been observed as early as in the 15^th^ week of the human foetal life. Until the 21^st^ week, keratohyalin granules are also present.

Profilaggrin is a highly phosphorylated, inactive polypeptide with a molecular mass of about 500 kD. It consists of an N-terminus domain S100 capable of binding calcium, domain B placed next to domain S100, and 10--12 filaggrin monomers arranged in series. Ten highly homologous monomeric units of human filaggrin have been identified. Each repetition of the monomer is built of 324 amino acids and is separated from the other repetitions by a joining region made of 19 amino acids. The number of filaggrin monomeric units depends on the filaggrin gene allele. When keratinocytes move towards the cornified epidermis layer, profilaggrin is subjected to a post-translational modification, which includes a proteolytic digestion by caspase-14 and dephosphorylation of the formed filaggrin units. The filaggrin molecules aggregate keratin filaments and lead to collapsing and flattening of keratinocyte cells and forming a non-nucleated corneocyte scale.

The filaggrin (FLG) coding gene is localised on the short arm in chromosome 1: in region 1q21 included in the epidermal differentiation complex (EDC) that consists of 27 genes. The FLG includes about 25,000 base pairs (kbp) and consists of three exons. Exon 1 (15 bp) includes a 5' sequence not subjected to translation (UTR -- un-translated region). The translation-initiating codon is localised in Exon 2. Exon 3 holds localisations of the majority of the C- and N-terminus domains as well as all repetitions of filaggrin units \[[@CIT0021]\].

Mutations of the FLG gene {#S0004}
=========================

The issue of a factor that disturbs filaggrin synthesis in the epidermis had posed a problem since a lowered level of filaggrin in the course of ichthyosis vulgaris was first observed via immunoblotting \[[@CIT0022]\]. Some similar observations were made as a result of ELISA examinations and from studying mRNA micro-arrays in patients with AD \[[@CIT0023]\]. The structure of the filaggrin gene, due to its large size and changeable number of filaggrin-coding subunits arranged in series, remained unknown for a long time. It was the development of technology in molecular biology that finally allowed for its sequencing. The discovery, made by Smith\'s team in 2006, of point nonsense mutations R501X and E2422X within that gene, which resulted in the premature termination of translation within the first filaggrin subunit, was a breakthrough in understanding the role of the epidermal barrier in the pathomechanism of skin and allergic diseases \[[@CIT0024]\]. So far, there have been over 40 mutations reported, including some resulting in a loss of function and silent ones. The FLG gene is inherited in an autosomal recessive way. Homozygotes with a mutation in that gene manifest an acute form of atopy. Heterozygotes may be its asymptomatic carriers or manifest a benign or moderate form of atopy \[[@CIT0025], [@CIT0026]\]. Each examined population may have a unique set of FLG mutations \[[@CIT0027]\].

The role of FLG gene mutations in the pathomechanism of allergic diseases and in the context of the atopic march {#S0005}
================================================================================================================

According to previously quoted reports, no filaggrin expression has been shown so far in the mucous membrane of the digestive tract or in the lower respiratory tract \[[@CIT0028], [@CIT0029]\]. Nevertheless, some suggestions of a connection between impairments to the epidermal barrier structure and the development of allergic diseases other than AD, i.e. asthma, AR, or food allergy, have appeared in publications that describe experiments on mouse models \[[@CIT0030]\]. The results of that research have confirmed that impairments to the epidermal barrier function increase the risk of developing a systemic allergic response, increase the general IgE titre, and lead to bronchial overactivity. The results of some clinical and control studies that focused on searching for a correlation between the presence and the type of a mutation in the filaggrin gene and the risk of allergic disease have also confirmed the existence of such a connection \[[@CIT0031], [@CIT0032]\]. The results of the cohort ALSPAC \[[@CIT0033]\] and ISAAC II \[[@CIT0034], [@CIT0035]\] studies confirm the essence of a connection between mutations in the filaggrin gene and developing asthma in patients suffering from AD at the same time or in the past. Marenholz *et al*. point out a high degree of predictability of AA in patients with AD, based on the obtained positive results in tests for mutations in the filaggrin gene. The study included 871 children in whom a correlation has been shown between FA and AD diagnosed within the first three years of life and an increased risk of asthma symptoms in the further ontogenesis \[[@CIT0036]\].

As the course of allergic diseases is characterised to some extent by sequentiality and a progression of symptoms, scientists also examine the significance of the atopic march as a predictive factor for allergic diseases. Current views on the allergic march or a subsequent coexistence of such diseases as FA, AD, AA, and AR are varied. Supporters of the atopic march theory in its classic model view AF and AD with the strongest symptoms within the first 2 years of life as the diseases initiating the march. According to that theory, the FA incidence, reaching about 10% of cases within the first year of life, decreases to 3% in pre-school age. At the same time, the risk of inhalatory allergies increases to 8% in that period \[[@CIT0037]\]. The main risk factors for the development of AA and AR include an IgE-dependent allergy and intensification of AD. Nearly 70% of patients with acute AD develop asthma, while only 20--30% of patients have its benign form, and only about 8% in the general population. Other allergic diseases, e.g. AR with a tendency to turn into AA, may also be the first symptoms of the allergic march. There are also numerous alternative occurrence sequences for atopic diseases described in the course of the march. As provided by various sources, 15--50% of AD cases are preceded by occurrences of asthma and AR \[[@CIT0038]\]. In spite of discrepancies in opinions on the atopic march, a connection has been shown between mutations in the filaggrin gene and an increased risk of AD development and the coexistent AA \[[@CIT0039]\].

Based on the results of the research up to now, it has not been possible to trace down completely a molecular mechanism of the development and course of allergic diseases that include organs in which no presence of filaggrin was noted. However, several already known mechanisms seem to explain the connection between those diseases and mutations in the FLG gene. The mechanism of allergy development resulting from a transdermal sensitivity involving a subpopulation of Th17 cells is one of them \[[@CIT0040]\]. In experiments on mouse models with disturbed filaggrin expression in the skin exposed to ovalbumin proteins, an increased expression of inflammatory cytokines of the Th2 profile (acute phase) or cytokines of the Th1 profile (chronic phase), as well as a cellular infiltration of T cells and eosinophils, has been observed. It has also been noted that induced bronchia over-reactivity occurred, resulting from a stimulating influence of those processes on the influx of neutrophils to the respiratory tract. Thus, IL-17 may be a key marker indicating the connection between the epidermal barrier damaged by mutations in the filaggrin gene and allergic diseases, and may also account for their coexistence \[[@CIT0041]\].

Food allergy process {#S0006}
====================

The term food allergy (FA) is applied to an undesired reaction upon consuming food, resulting from an excessive reaction of the immune system. About 90% of allergic reactions to food are caused by consuming such foods as cow\'s milk, eggs, nuts, soy, wheat, fish, and seafood. The human organism has its first contact with the protein antigens of cow\'s milk as early as in infancy. The occurrence of IgE-dependent allergic reaction to cow\'s milk proteins in the initial phase of life increase the risk of developing a fixed form of the allergy and may contribute to the development of food or contact allergic reactions to other types food. There are disturbances to the immune system of the IgE-dependent, IgE-independent (cellular), and mixed character distinguished in the course of the food allergy. Direct contact of the organism with the antigens happens via the skin and mucous membranes that cover the digestive and respiratory systems, the conjunctiva, the genitourinary system, and others. Due to their large surface and delicate structure, the mucous membranes are the place where most inflammations are initiated \[[@CIT0042]\]. A dominant role in triggering the food allergy is played by the mucous membrane in the digestive tract and the gut-associated lymphoid tissue (GALT) that accounts for over 70% of lymphocytes in the whole immune system.

The significance of disorders of the epidermis barrier function in triggering a food allergy {#S0007}
============================================================================================

Often the first symptoms of a food allergy occur before the product containing the allergen is introduced to the diet consciously, which makes the diagnosis, treatment, and, in particular, possible prophylaxis of the food allergy especially difficult. The results of the clinical, control and cohort studies to date stress a connection between impairments to the epidermal barrier and the shaping of a constitutional over-sensitivity. A precise mechanism of that phenomenon, however, has not been fully explained.

A team of American scientists, in a study on a mouse model with an impaired epidermal barrier function, observed the possibility to reach a state of transdermal sensitisation with ovalbumin, and then to develop a response by the respiratory system that was similar to asthma, resulting from administering ovalbumin in the form of an aerosol. Strid *et al*., in a study on a mouse model with an impaired epidermal barrier function, observed a correlation between a facilitated transdermal permeation of peanut and ovalbumin allergens and an allergic reaction in which the Th2 cells participated. The IL-4 secretion by the T cells of the lymph nodes and a high level of specific IgE and IgG1, with no IgG2, were noted. At the same time, it was observed in the study that an injection of the same allergens under the epidermis surface, directly to the dermis, resulted in a delayed allergic reaction that depended on the Th1 cells \[[@CIT0043]\]. Impairing functions of the epidermal barrier in the mice accelerated maturing Langerhans cells (LC) characterised by the expression of MHC class II, CD86, CD40, CD54, and CD11c, but did not cause their migration. It was after exposing the mice to allergens that a fast migration of LC from the epidermis to the lymph nodes was obtained. The antigen presentation by the LC caused mostly Th2-cell-dependent response reactions. It was also noted that upon the occurrence of a transdermal allergisation, obtaining tolerance again was impossible when those allergens were administered orally \[[@CIT0030], [@CIT0043]\].

Observations carried out by some French scientists on a group of 27 five-month-old infants suffering from AD indicate that it is possible to induce an allergy to almonds as a result of transdermal applications of almond oil onto the skin changed by the disease. An increased titre of specific IgE was observed in those infants, and their skin test provided positive results even though almonds had not been included in their diets. Additionally, the children\'s mothers had not consumed almonds when pregnant or breastfeeding \[[@CIT0044]\]. Lack *et al*., in their cohort study, looked for an explanation of the phenomenon of developing an allergic reaction to peanuts in infants to whose diets peanuts had not been introduced. A possibility of developing the food allergy to peanuts in the foetal period, e.g. as a result of consuming food containing those allergens by a pregnant mother, was approached sceptically as no presence of the peanut-specific IgE in the cord blood of the neonates was observed.

However, in some infants the development of an IgE-dependent allergy to peanuts has been observed in spite of the fact that they were fed only with the milk of their mothers, whose diets did not contain peanuts either. The fact is that the mothers used peanut oil for taking care of their nipples in the period of breastfeeding, but as in preview reports \[[@CIT0045]\] no correlation between such a procedure and the incidence of allergy to peanuts has been discovered in the breastfed infants. However, the scientists have noticed that some emollients that included unrectified peanut oil were used on those children. This made the team analyse the results obtained on the basis of some English cohort studies that included a group of 13,971 children in pre-school age. Forty-nine children in that group manifested symptoms of allergy to peanuts. Thirty-six children took part in the further study and in 29 of them the allergy to peanuts was confirmed based on skin tests, and in 23 children the allergy was confirmed on the basis of positive results of provocation tests. It has been observed that children whose treatment of atopic skin changes included emollients containing peanut oil manifested a higher risk of developing a food allergy to peanuts \[[@CIT0046]\]. A prospective study carried out in a group of 302 French children showed that the application of emollients containing oat proteins entailed the allergy to oat in 32.5% of cases. During an oral provocation with oat flakes, the children manifested the symptoms from both digestive and respiratory systems \[[@CIT0047]\].

However, the research into food allergies in the context of disturbances to the epidermal barrier does not account for the mechanisms of their occurrences. The need to continue the research in that field on larger populations, precisely diagnosed for food allergy, is stressed unanimously.

The role of mutations in the FLG gene in the pathomechanism of food allergies {#S0008}
=============================================================================

The presence of mutations in the filaggrin-coding gene is the most frequently noted factor responsible for damaging the anatomical and functional barrier of the epidermis. There are reports showing a relation between mutations in the FLG gene and occurrences of a constitutional reaction to protein antigens in food. The results of clinical and control studies carried out by Brown *et al*. in a group of patients diagnosed with allergy to peanuts (71 patients of European origin, including: 35 British, 20 Irish, and 16 Dutch, as well as 390 patients from Canada) show a correlation between the presence and the type of mutation in the filaggrin-coding gene and the diagnosed allergy. An analysis of 71 patients originating from Europe, who were allergic to peanuts, has shown a strong and statistically significant connection between the occurrence of the allergy and a loss of function by filaggrin resulting from the R501X and 2282del4 mutations. An analysis of the results from 390 Canadian patients also confirmed this. Thus, it has been shown that a disturbance to the barrier function of the skin is a crucial risk factor in developing a food allergy to peanuts \[[@CIT0019]\]. It is stressed, however, that food allergy and AD are very similar phenotypically, and often a food allergy coexists with AD, so approaching them separately is difficult or even impossible. Thus, there is a need to diagnose food allergies precisely and to approach patients with allergic diseases in a comprehensive way.

An analysis of the relation between allergy to nickel and the presence of the R501X and 2282del4 mutations in the FLG gene, carried out on a Danish group of 3,471 people, confirmed such a dependency. In 25% of the patients diagnosed with a contact allergy to nickel a constitutional reaction was identified, including a reaction by the digestive system after consumption of nickel sulphate in food. In the case of a reaction by the digestive system, patients were advised to limit their consumption of such foods as chocolate, cocoa, soy, almonds, and legumes. It was also observed in the study that the presence of an FLG gene mutation may be the cause of lowering the age at which the allergy induced by contact with nickel sulphate occurs. It has been also confirmed that the existence of a mutation in the FLG gene and body piercing at an early age may increase the risk of a more rapid allergic and inflammatory reactions induced by nickel haptens and may cause retention of those conditions in adult patients as well \[[@CIT0048]--[@CIT0050]\].

The scientific literature also includes reports on the absence of a connection between food or contact allergies and the aforementioned mutations in the FLG gene. The results of studies on the contact allergy to latex have not confirmed a statistically significant relation between the presence of the R501X and 2282del4 mutations in the FLG gene and higher predispositions to the contact allergy induced by any of the 13 identified protein allergens in latex. No cross-reaction to protein antigens in food has been noted in the studied group. However, due to the fact that the examined population was not large (20 people with symptoms of allergy to latex), the authors stressed the necessity to carry out the research on a more representative group of people \[[@CIT0051]\]. No significant relation between food allergy to cow\'s milk proteins and mutations in the FLG gene has been confirmed in the studies on that condition either. However, a mutation in the FLG gene has been observed in patients who were diagnosed with AD and an allergy to cow\'s milk at the same time. Further research has also been announced in that case \[[@CIT0052]\].

Summary {#S0009}
=======

The data provided in this publication draw attention to the complexity of the issue of allergic diseases. Transdermal permeation of allergens to the organism, including food allergens, may cause a state of over-sensitiveness and a fixed food allergy \[[@CIT0053]\]. Therefore, further research aimed at learning the pathomechanisms of atopic diseases in the context of epidermal barrier function and the role of filaggrin are indispensable. There is a need for a comprehensive analysis of patients suffering from allergic diseases and their precise diagnosis. Particular attention should be paid to the issue of skin care in infants, both those suffering from allergic diseases and those in whom no pathologic changes or atopic manifestations in the skin have been observed. What may be a crucial factor in the pathomechanism of food allergy is contact of the damaged skin with food-originating allergens in emollients and cosmetics, and with allergens that may induce allergic cross-reactions in the future. The first allergic contact with a food allergen may happen even before a product suspected of allergenic potential is included into an infant\'s diet, which may increase the risk of atopy. Thus, knowledge of the pathomechanisms of allergic diseases and the role of filaggrin in that process may be very helpful in treating over-sensitivity.

The publication has been prepared within the project of the Ministry of Science and Higher Education: No. N N312 311939.
